Our study in Cell demonstrated that centromeric nucleosomes induce positive supercoils. We showed this using both the Drosophila CenH3 histone variant assembled in vitro by its native chaperone (RbAp48) and yeast minichromosomes in vivo ). To verify the in vivo results, we used yeast centromere mutants and conditional mutant kinetochore proteins. We showed that positive supercoiling is an inherent property of functional centromeres at mitosis and depends on deposition of CenH3 (Cse4). In their Correspondence, Lavelle et al. accept our conclusions with respect to the topology of centromeric DNA and agree that this is a provocative result. However, they raise a key question that was only indirectly addressed by our study, namely, which protein core structure can impose such an extraordinary reversal of DNA wrapping? Our views and theirs on this subject are largely in agreement, in that conventional octameric nucleosomes are inconsistent with the right-handed wrapping that can lead to positive supercoiling. However, we favor hemisomes as the candidate core structure, based on previous direct in vivo biochemical evidence. The Drosophila CenH3 histone variant is a stoichiometric component of stable tetrameric nucleosomes purified in their native form, which are proposed to be hemisomes based on protein content, DNA wrapping, and direct measurements of dimensions and conformation at the single-molecule level Wang et al., 2008) . In contrast, Lavelle et al. argue that a particle derived from a "reversome" is an alternative possibility . Reversomes are transient structures that require sustained high torsional stress in order to flip a left-handed octamer into a right-handed configuration. Lavelle et al. propose that such an unstable intermediate might become stabilized upon loss of H2A/H2B dimers via unknown protein-protein interactions. However, our ability to induce positive supercoils using purified histones, RbAp48, and relaxed plasmid circles, without the addition of any machinery for generating torsional stress, demonstrates that no such elaborate mechanism is required. In addition, key features of Response Right-Handed Halfnucleosomes at centromeres CenH3 nucleosomes that have been documented in vitro and in vivo strongly argue against structures for CenH3 particles other than hemisomes.
Lavelle et al. refer to an important in vitro finding by the Prunell group in which the human CenH3 histone variant (CENP-A) and histone H4 failed to assemble into distinct tetrasomes (H4/ CenH3/CenH3/H4-containing particles), despite the fact that these particles are readily formed using H3 instead of CenH3 . They concluded that the addition of H2A and H2B provides the hydrophobic environment necessary for CenH3 octamers to form under conditions of 2M salt. This implies that the assembly intermediate for CenH3 octameric nucleosomes, namely the tetrasome, is inherently unstable. Therefore, there is no plausible assembly pathway for CENP-A tetrasomes in vivo, which according to their flipping model would be an obligatory intermediate. So, although we accept the possibility that flipped particles may be transient intermediate structures produced by torsional stress, we find their existence at centromeres to be implausible.
In addition, Lavelle et al. refer to evidence in yeast that argues for a noncanonical Cse4 structure based in part on depletion of H2A/H2B . The original interpretation of these experiments was that the nonhistone protein Scm3 took the place of H2A/H2B dimers. However, recent work shows that viable yeast with CenH3 at their centromeres can be obtained in the absence of Scm3 (Camahort et al., 2009 ). Although it is conceivable that a tetrasome instead occupies the yeast centromere, we are struck by the fact that yeast Cse4 can support centromere function in human cells depleted of CENP-A (Wieland et al., 2004) . H2A/H2B has been observed in human centromeric chromatin , such that Lavelle et al. would need to suppose that Cse4 is part of a right-handed tetrasome in yeast but can nevertheless replace its orthologous copy in humans to form a completely different yet functional particle. Rather than consider such an unlikely possibility, we note that centromeres with CenH3 histones likely shared a common evolutionary origin (Malik and Henikoff, 2009) , so that the most parsimonious interpretation is that all eukaryotic CenH3 nucleosomes have similar structures and so wrap DNA in a right-handed manner.
In summary, Lavelle et al. accept our surprising discovery of a right-handed wrap around centromeric nucleosomes but disagree as to the nature of the histone core that is responsible. However, we find that their evidence for flipping of a left-handed octamer does not apply to CenH3 nucleosomes, and we await further biochemical evidence to definitively resolve this issue. Although we recognize that there is a lively debate in the centromere field concerning this issue Hill and Williams, 2009 ), we note that there is general agreement that the extraordinary epigenetic inheritance of centromeres depends ultimately on the properties of CenH3 nucleosomes (Bernad et al., 2009) . We are excited about the prospects for resolution of perhaps the oldest unsolved problem in genetics (Flemming, 1882 
